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PREFACE
This thesis is written in the style of the Journal of Biogeography.
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ABSTRACT

Breeding systems among Aves have garnered attention in the last several decades
as many species considered monogamous have been found to exhibit an alternative
breeding system such as polygyny, polyandry, cooperative breeding, or colonial nesting.
My thesis focuses on assessing the correlations between type of breeding system and
resource availability by using environmental variables as proxy variables. It also assess
the correlations between life history trait variables and environmental variables. Both
breeding system and life history traits are analyzed at the species and population levels
while controlling for phylogenetic relationships and geographic location when
appropriate.
Breeding system among species was not significantly influenced by
environmental variables or latitude. Breeding system within species was significantly
influenced by environmental variables for the House Wren (Troglodytes aedon) for the
variables mean annual temperature and mean temperature during the driest quarter. Life
history traits among species were significantly correlated to environmental variables for
clutch size and fledging but not for parental care. Life history traits within species were
significantly correlated to environmental variables for the Bewick’s wren (Thryomanes
bewickii) and marginally significantly correlated to environmental variables for the
Brown-headed Nuthatch (Sitta pusilla) when geographic distance between populations
was controlled.
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INTRODUCTION

Behavior should provide an ecological advantage to an individual relative to the
environment that it occupies, and this advantage should increase the individual’s
reproductive fitness in that environment. If two or more behavioral responses are
possible, the behavior(s) that results in the greatest fitness is expected to eventually
represent the majority of the population’s behavior in the immediate or near future
(Williams, 1966; Winkler et al., 2014). Variation in the environment across space might
cause variation in behavior. The evolution of behavior is caused by the same
mechanisms of evolution that affect morphology (Queirox & Wimberger, 1993), and
other genetically controlled traits, and should also be predictable based on environment
variables.
Since environmental conditions vary with space, natural selection could result in
behavioral variation among populations of a species across space. A behavior that
provides an advantage to an individual under one set of environmental conditions might
be costly to an individual of the same or similar species in an area with a different set of
environmental conditions. Environment and resources vary with geography; I expect
behavior will also vary with geography. Limited research has been published that
explores geographic variation of behavior patterns among and within species.
Specifically, I am interested in whether breeding system and other life history traits are
correlated with environmental variables (temperature and precipitation) at geographic
scales.
1
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Temperature and precipitation influence primary productivity. Increases in
temperature and precipitation might increase resource availability. Resources derived
from plants might be used as food, shelter, or other habitat component that an individual
needs to produce offspring. Resource abundance might influence an individual’s success
in producing and rearing offspring by influencing behaviors during the breeding season.
Many breeding behaviors can be easily observed and these behaviors can be directly
linked to reproductive success.
Birds are suitable study subjects for this topic because there is a large literature
documenting bird breeding behavior and life history traits and there is variation among
and within species and across geographic space. For example, David Lack (1968)
observed variation in clutch size. Explanations for this variation included density of
resources (Ashmole, 1963; Ricklefs, 1980; Evans et al., 2005). Authors have agreed that
clutch size is influenced by resource abundance, phylogenetic relationship, seasonality,
type of parental care, and life expectancy (Cody, 1966; Williams, 1966; MacArthur &
Wilson, 1967; Slagsvold, 1984; Koenig, 1986; Martin, 1996).
Analysis of behavior among species requires phylogenetic relatedness be
considered. If the extant members of a clade share a common ancestor and exhibit
similar behaviors, this similarity might be due to phylogenetic relatedness. To accurately
assess the effect of environmental variables on behavior, I need to control the effect of
phylogenetic relatedness. Because, if a behavior is closely associated with the phylogeny
of the clade, an issue of phylogenetic autocorrelation arises.
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There are three types of autocorrelation that occur in biological data: temporal,
spatial, and phylogenetic autocorrelation. Temporal autocorrelation occurs when data are
correlated across time. Spatial autocorrelation occurs when data that are correlated due to
close geographic proximity. Phylogenetic autocorrelation occurs when data are
correlated with evolutionary history of the group. Autocorrelation becomes an analytical
problem when autocorrelated data are treated as though they represent independent
observations. Autocorrelation increases the probability of Type I error due to overstating
the degrees of freedom which can invalidate the results of traditional statistical tests by
inflating pattern signals in the data (Felsenstein, 1985; Garland et al., 1993).

Avian breeding season
The avian breeding season can be divided into four broad chronologic stages: 1.)
pre-copulation, 2.) copulation to hatching, 3.) hatching to fledging, and 4.) post-fledging
(Soma et al., 1999; Reudink et al., 2009). A behavior that occurs in a later stage might be
influenced by a behavior in an earlier stage. To maintain independence of the data, if a
behavior or life history trait was influenced by a behavior of an earlier stage, the two
linked traits were not included in the same data set for a given analysis. For example, a
monogamous pair copulation that occurs in stage two often results in male-female
parental care unit in which both the male and female feed the nestlings throughout stages
three and four (Baldwin & Kendeigh, 1927; Pitts 1978; Breitwisch, 1989). I placed
breeding system (monogamous and alternative systems) and parental care system
(biparental and polyparental) into separate data sets.
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Behavioral traits
I focus on behaviors observed within stages two and three of the breeding season.
I examined the type of breeding system initiated in stage two. I then examined the
parental care observed in conjunction with life history traits of offspring that take place
during stage three. Parental care is a behavior, but I used it as a variable within the life
history dataset to avoid placing two linked variables (breeding system and parental care)
in the same data set.
I examined breeding systems starting in stage two of the breeding season. I
categorized breeding system based on the number of individuals that participated in
copulation and in nest preparation. In areas of limited resources, I expect more than two
individuals will contribute to a nesting unit to improve fitness. While having more
individuals in a nesting unit might place a greater strain on the limited resources in the
area (decreasing per capita reproductive output), having two or more individuals
delivering food items to the nest could increase nestling and fledgling survival
(increasing individual reproductive output). In areas of abundant resources, I expect that
fewer individuals are needed to rear a brood to fledging. In these areas, I expect
monogamy will be the most common breeding system. Monogamy is a nesting unit in
which neither gender accesses more than one partner (Emlen & Oring, 1977). For this
study, all breeding systems with three or more individuals in the breeding unit are
collectively classified as an alternative system. Alternative breeding systems include
polygamous situations such as polygyny and polyandry as well as more complex systems
like colonial nesting, cooperative breeding, and extra-pair paternity.
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Variation in breeding system has been observed among species of the families
Paridae (chickadees and titmice), Picidae (woodpeckers, sapsuckers, flicker), Sittidae
(nuthatches), and Troglodytidae (wrens). I examined among-species variation in this
study. There can be variation in breeding system among populations, within a species. I
also examined within-species variation in this study. I pose two hypotheses regarding
breeding system and environmental variation.
-

H1A: There is a positive correlation between breeding system type and environmental
variables (e.g. annual mean temperature, temperature annual range, annual
precipitation) among species.

-

H1W: There is a positive correlation between breeding system type and environmental
variables (e.g. annual mean temperature, temperature annual range, annual
precipitation) for populations within species.

Life history traits
I gathered behavioral and life history traits of stage three (post-hatching to prefledging) for analyses. This data set included mean clutch size, parental care system
(biparental or polyparental), and mean number of days between hatching and nestling
departure from the nest, fledging. These variables might be impacted by the available
resources, which are influenced by environmental variables.
Variation exists in life history traits among species and within species of Paridae,
Picidae, Sittidae, and Troglodytidae. This variation in life history traits might be due to
variation in the environment. Therefore, I posed the following hypotheses:
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-

H2A: There is a correlation between life history traits and environmental variables
among species.

-

H2W: There is a correlation between life history traits and environmental variables for
populations within species.

MATERIALS AND METHODS

I selected three families within the order Passeriformes: Paridae, Sittidae, and
Trogloytidae. I also included one family within Piciformes, Picidae. I collected data at
the population level to facilitate among-species and within-species analyses. I collected
data from peer-reviewed articles, doctoral dissertations, and master’s theses. I collected
some data from secondary references when a variable of interest for a population was not
present in the primary literature (Table 1 and Appendices I - III).
I recorded each population’s location. If latitude and longitude coordinates were
not provided in the source material, I estimated the coordinates by using LATLONG.NET
(retrieved May 2016; USA Coordinates). Estimated coordinates were based on the site
description provided by the author(s) in the source material.

Data collection
General data collection
Some sources provided breeding system and life history trait information as
nominal data while other sources provided quantitative data. For nominal data, I
categorized the breeding system and parental care system of each species by using a five
percent rule. If five percent or more of a species populations exhibited an alternative
breeding system, I classified the species breeding system as alternative. If less than five
percent of the populations of a species were alternative, I classified the species as
monogamous.
6
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I also used the five percent rule to categorize each population. If five percent or
more of the breeding units in a population exhibited an alternative breeding system, I
classified the population’s breeding system as alternative. If less than five percent of the
breeding units in a population exhibited an alternative breeding system, I classified the
population as monogamous. If five percent or more of the breeding units in a population
contained three or more individuals caring for nestlings, I classified the population’s
parental care system as polyparental. If less than five percent of the breeding units in a
population contained three or more individuals caring for nestlings, I classified the
population as biparental.

Behavioral data
I used the five percent rule to characterize the breeding system for each
population as either monogamous or alternative (Appendix III). Some studies reported
nest data for a single breeding unit. In these cases, the population was characterized by a
single event that might not represent the behavior typical of the species in that location.
However, excluding populations represented by a single breeding unit from the dataset
would have decreased sample size, making some analyses impractical. Therefore, I
retained all populations represented by a single breeding unit for analysis.

Life history data
I recorded the following variables for analyses: mean clutch size, parental care
type (biparental or polyparental), and fledging. I will refer to these variables collectively
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as life history traits. I calculated the means for clutch size and fledging for each species
if the values were not provided by the author. Parental care type was characterized using
the five percent rule (Appendix III).

Environmental and geographical location data
I obtained climate data from the combined databases of the Global Historical
Climatology Network (GHCN), Food and Agriculture Organization of the United Nations
(FO), World Meterological Organization (WMO), International Center for Tropical
Agriculture (CIAT), and R-HYdronet which were available for public use through
WWW.WORLDCLIM.ORG

(retrieved May 2016; Hijmans et al., 2005). I used the recent data

sets (1960-1990). With a spatial resolution of 30 arc-seconds (approximately one
kilometer), I used the following climate variables: annual mean temperature, annual
temperature range (the difference between the maximum temperature during the hottest
month and the minimum temperature during the coldest month), mean temperature of
driest quarter, mean annual precipitation, and precipitation of driest month.
I recorded latitude and longitude coordinates in decimal degrees for each
population to the nearest one thousandth (approximately 0.1km at 38ºN). I extracted the
climate data of each population by using their geographic coordinates in ARCGIS MAP
software. I recorded the range of environmental variables for each population (Table 3).
I constructed all maps by using World Geodetic System (WGS) 1984 format.
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Phylogenetic data
I obtained cladograms from BIRDTREE.ORG following Jetz et al. (2012) and Jetz et
al. (2014). These cladograms were constructed using genetic data. I collected a sample
of 200 cladograms representing the most likely arrangement of species relationships for
the species included in my analyses for among-species breeding system and a second
sample of 200 cladograms for species used in analysis of among-species life history
traits. I used the sampled cladograms to generate consensus trees by using FigTree
(retrieved May 2016; Rambaut, 2007) (Figures 1 - 2).

Breeding system – Analytical
I used a phylogenetic signal test to determine if phylogenetic relatedness was
responsible for similarities in behavior or life history (phylogenetic autocorrelation). I
included Ostrich (Struthio camelus) as an outgroup in the data (Figure 1). If phylogenetic
relatedness did not significantly influence the behavior or life history characters, I treated
the species as independent. If phylogenetic relatedness did significantly influence the
behaviors or life history characters, my subsequent analyses controlled for the effect of
phylogenetic relatedness (Blomberg & Garland, 2002). I constructed Euclidean distance
matrices for the phylogenetic signal test.
Using a phylogenetic signal test, I found that phylogenetic autocorrelation was not
present among species breeding systems. Therefore, a permutation technique was
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sufficient for assessing among-species correlations between breeding system and
environmental variables.
I performed additional permutations to assess the within-species correlations for
breeding system and environmental variables. I also used permutations to assess the
within-species correlations for breeding system and geographic location. Only species
with at least five populations were included in the within-species analyses.

Life history – Analytical
I performed a phylogenetic signal on the life history characteristics of the species
with Ostrich included as an outgroup. I determined that the species were not independent
based on their life history characteristics. Since phylogenetic autocorrelation was present
in the life history dataset, I used a phylogenetic independent contrast (PIC) to test the
among-species correlations for life history traits and environmental variables.
To test the within-species correlations for life history traits and environmental
variables, I constructed Euclidean distance matrices of the life history data, the
environmental data, and the latitude of each population. I used a Mantel test to assess
within-species correlations between life history trait data and environmental variables and
between life history trait data and latitude. I used a partial Mantel test to assess
correlations between life history traits and environmental variables while statistically
controlling for spatial proximity (distance between populations) using the populations
coordinates.
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I used a dataset of all species that were used in the life history trait analyses to
assess the correlation between life history traits and environmental variables. I included
only clutch size and fledging as the life history variables, excluding type of parental care
from the analyses. I then performed Pearson product moment correlations between each
life history variable, the environmental variables, and latitude. This analysis did not
control for phylogenetic relationships.

RESULTS

I collected data from a total of two hundred and eighteen journal articles, doctoral
dissertations, and master’s theses. I collected an additional seventy-eight data from
secondary references. I assembled information for thirty-six species (Table 2) and a total
of five hundred and seventy-five geographically or temporally distinct populations in
North America.

Breeding system
For the among-species analyses of breeding system and environmental variables, I
used species with five or more populations in the dataset. I had fourteen species that met
this requirement and were included in among-species analyses for breeding system and
environmental variables (Table 3). The phylogenetic signal test of these species indicated
that breeding system was not significantly influenced by phylogenetic relatedness
(K=0.259, Z=-0.707, p=0.216).
I found no significant correlations between breeding system and the
environmental variables (Table 4). Nor was there a significant correlation between
breeding system and mean latitude of the species (t=1.598, df=13, p=0.295).
To assess within-species correlations for breeding system and environmental
variables, I only used species with five or more populations. Six species contained at least
five populations in the dataset (Table 5). These species exhibited variation in breeding
systems among populations (Figures 3-7).
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Only the House Wren’s (Troglodytes aedon) breeding system was correlated with
environmental variables. The breeding system of the House Wren was correlated with
annual mean temperature (t=56.14, df=20, p<0.001) and mean temperature of the driest
quarter (t=82.71, df=20, p=0.009) (Table 6). For the House Wren, there were seven
monogamous and fourteen alternative breeding system populations. Monogamous
populations were located in areas of higher annual mean temperature than alternative
system populations and had a narrower range of mean annual temperatures compared to
alternative populations (Table 7). Monogamous populations of most species were located
in areas with higher mean temperature of the driest month than the alternative breeding
system populations. The range of mean temperature of the driest month was not
appreciably different between the two breeding systems (Table 7).

Life history
Many species have not been well studied throughout their geographic range.
Thus, it was necessary to include species with as few as three populations to assess the
among-species correlations of life history traits and environmental variables. I used
species with three or more populations for among-species analyses of life history traits
and environmental variables. If I had limited my analyses to species with five or more
populations, my sample size would have been too small. Fifteen species contained at
least three populations (Table 8). I included these fifteen, plus the outgroup, in the test
for phylogenetic signal (Figure 2). The phylogenetic signal tests indicated that mean
clutch size, mean number of days between hatching, parental care type, and fledging were
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significantly influenced by phylogenetic relatedness (K=1.059, df= 14, Z=-1.680;
K=0.382, df=14, Z=-1.702; K=1.149, df= 14, Z=-2.130) respectively. Therefore, I used
PIC to control for phylogenetic relatedness in analyses of these variables.
I used PIC with Pearson correlation to test the among-species correlations for life
history traits and the environmental variables, while statistically controlling for
phylogenetic relatedness. There was a significant correlation between mean clutch size
and mean latitude of the species (t=3.031, R2=0.396, p=0.009), mean clutch size and
mean temperature of the driest quarter (t=2.340, R2=0.281, p=0.035), and between
fledging and mean temperature of the driest quarter (t=2.288, R2=0.272, p=0.038) (Tables
9-10). There were no significant correlations between parental care and the
environmental variables.
For within-species correlations, I included species with five or more populations
in the analyses. In this dataset, seven species had at least five populations with variation
in life history traits (Table 11 and Figures 8-15). No members of Picidae met the above
criteria for within-species comparisons. Therefore, I did not make within-species
comparisons of life history traits for Picidae.
The Mantel tests did not reveal significant correlations between species life
history traits and environmental variables (Table 12). However, when the effects of
latitude were controlled using a partial Mantel test, a significant correlation was present
between life history traits and the environment for the Bewick’s Wren (Thryomanes
bewickii) (r=0.421, df=4, p=0.008) and a marginally significant correlation was present
for the Brown-headed Nuthatch (Sitta pusilla) (r=0.137, df=5, p=0.101) (Table 12).
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I used a dataset of all species used in the life history trait analyses to perform a
Pearson product moment correlation. There is a positive correlation between fledging
and the environmental variables mean annual temperature range and mean annual
precipitation (r=0.394, t=3.117, p=0.003; r=0.369, t=2.894, p=0.006). There is a
significant negative correlation between fledging and mean annual temperature range (r=
-0.482, t= -4.001, p<0.001) (Table 13).

DISCUSSION
Breeding system
Among-species comparisons revealed that breeding system was not significantly
constrained by phylogeny and was not influenced by the environmental variables which
were proxy variables for resources. However, simplification of environmental variables
to a single mean for each species might have obscured patterns that would have been
detectable at finer scales. This is especially worrisome for species whose breeding range
was characterized by as few as five populations. Additionally, resource abundance could
be influenced by a combination of environmental variables, not simply a single variable.
The permutation analyses I used can only consider one environmental variable.
Moreover, only fourteen species were available for the analyses and patterns can be
difficult to detect with small sample size.
Populations near the southern edge of the species’ ranges had colonial and
cooperative breeding (Figures 16-17). Populations near the middle of the geographic
range of species were dominated by monogamous breeding systems. Populations near
the northern edge of the species’ geographic ranges included polygynous and
polyandrous populations. There are two exceptions to this observation. The first is the
presence of polyandrous populations of Acorn Woodpeckers (Melanerpes formicivorus)
in the mountain ranges of the Magdelena Mountains of New Mexico, the middle of their
range (Joste et al., 1985). The second exception is a colonial breeding unit of Lewis’s
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Woodpecker (Melanerpes lewis) along the Columbia River in Oregon, the western edge
of their range (Currier, 1928).
This latitudinal pattern in breeding system might be observed in populations of
the House Wren. Analyses of the House Wren revealed patterns between breeding
system and environmental variables. Annual mean temperature and the mean
temperature of the driest quarter were significantly correlated with breeding system.
Greater means of both temperature and precipitation were associate with monogamous
populations. Conversely, alternative breeding systems were found in colder areas and in
areas where temperature was low during the driest quarter of the year. However, annual
mean temperature and mean temperature of the driest quarter were positively correlated
(r2 =0.682, t=12.4, p<0.001). Therefore, I cannot state if only one or both of the variables
might influence breeding system of House Wrens in North America.
This latitudinal pattern in breeding system might be similar to the observation that
some birds lay larger clutches in colder regions to maximize fitness, resulting in clutch
size variation within species (Ricklefs & Bloom, 1977; MacInness & Dunn, 1988;
Kennedy & White, 1991; Nilsson, 1991; Crick et al., 1993; Evans et al., 2005). When
breeding in a cold region, it might be advantageous to have more than two individuals
participating in a nesting event to increase an individual’s fitness (Verner & Wilson,
1966).
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Life history
Among-species comparisons showed a positive correlation between mean clutch
size and latitude. The association between increasing clutch sizes at higher latitudes has
been well documented. There are different hypotheses as to why Passerine clutches are
generally smaller at equatorial latitudes and larger at higher temperate latitudes (Cody,
1966; Martin, 1996; Ricklefs, 1980; Koenig, 1986; Evans et al., 2005; Jetz et al., 2008).
Two ideas that have been suggested are: 1.) in resource limited areas, fewer offspring are
raised because excess offspring would die of malnourishment and 2.) clutch size is
related to life expectancy, with longer-lived species producing fewer offspring per year
(Yom-Tov et al., 1994). My results support resource limitation but do not take life
expectancy into consideration. Based on my data I cannot say with certainty that smaller
clutch size is due to low resource abundance.
Previous studies have not shown a positive correlation between avian clutch size
and latitude while controlling for phylogenetic relatedness. Authors such as Shine and
Greer (1991) suggest that phylogenetic relatedness might constrain mean clutch size in
reptiles. Miles and Dunham (1992) also use reptiles to emphasize that phylogenetic
relatedness must be ruled out before similar life history traits of a species or group of
species can be attributed to environmental variables. By using analyses that control
phylogenetic relatedness, the ecological pressures influencing clutch size could become
clearer.
I propose that future research examine the correlation between clutch size or
number of nestlings that fledge and environmental variables at a sampled location while
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statistically controlling for the variable of life expectancy. Life expectancies are difficult
to estimate. However, life expectancies can be estimated from life tables if adults can be
distinguished from juveniles and if there is constant mortality rate of juveniles (Botkin &
Miller, 1974). Number of nestlings that fledge from a nest is also difficult to measure
since the process often happens rapidly and many species, especially cavity nesters, are
secretive (Gibbs, 1988).
My results suggest mean temperature of the driest quarter might limit mean clutch
size. The driest quarter might be when resources are least abundant at a location. For
some species, the absence of precipitation combined with high or low temperatures might
stress individuals. Ideally, I would expect that birds would avoid breeding in areas where
the physiological tolerances might be encountered during the breeding season. However,
if birds are not breeding in an area during its driest quarter, the driest quarter might still
impact the breeding season by influencing resource abundance when birds are nesting.
My results showed a positive correlation between mean days to fledging and
mean temperature of the driest quarter. Brooke (1986) observes a similar correlation
between available resources and fledging of Manx Shearwater (Puffinus puffinus).
Brooke states that nestling weights are not an indicator of food availability in an area but
that nestling weights are positively correlated with fledgling survival and parental care.
My data support this relationship. In areas of high temperature where individuals are
potentially stressed, nestlings might require increased parental care if nestling weight at
fledging influences their probability of surviving to reproductive maturity. This would
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increase the mean number of days to fledging if fledgling mortality is affected by the
fledgling’s weight when they leave the nest.
There were no significant within-species correlations of life history and
environmental variables. However, when populations’ latitudes were controlled using a
partial Mantel test, the Bewick’s Wren and the Brown-headed Nuthatch showed
correlations between life history traits and environmental variables. When latitude is
controlled, a pattern becomes apparent. The positive correlation between life history
traits and environmental variables might be obscured at large scales and observable at
smaller regional scales. This might be caused by latitudinal variation in the
environmental variables that is not present at regional scales.
The absence of a correlation between other species life history traits and the
environment variables after controlling for latitude is interesting. The process of natural
selection occurs at the level of the population, so I expected to see differences between
life history traits at the population level more clearly than at the species level. The
absence of pattern might indicate that there is little character state variation within the
species because the environmental pressures are not severe enough for selection to occur
or because the species is occupying areas it does not encounter the environmental
extremes. Possibly, the species does occupy areas of environmental pressure but that
those populations have not been studied.
There were conflicting results for the combined species dataset. There was a
significant positive correlation between fledging and annual precipitation. As
precipitation increased, the number of days to fledging also increased. If resource
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abundance is positively influenced by precipitation, this suggests that fledglings in areas
of higher resource abundance are remaining in the nest longer. This effect might be a
result of parental behavior. The birds providing parental care have adequate supplies to
feed themselves and the fledglings. Therefore, the parents, or helpers, might not induce
fledging as early as they would in areas of less abundant resources where it might be
necessary for adults to reserve energy for their own foraging needs and potential future
reproductive output.
However, within the same combined species dataset, significant correlations were
found between fledging and mean temperature of the driest quarter and the temperature
annual range with a positive and negative correlation respectively. As the temperature of
the driest quarter increases, the number of days to fledging also increases. Fledglings
remained in the nest longer in areas of high temperature combined with low precipitation.
If there are fewer resources in these areas, the fledglings might require additional
nourishment from parental care birds before they are able to successfully fledge.
Possibly, these area have regional pressures, such as increased competition and predation,
which were not accounted for in my analyses. If so, parental care birds might allow
fledglings to remain in the nest longer in order to successfully rear the young, increasing
their fitness (Williams, 1975; Naef-Daenzer, et al., 2001).
Additionally, as the annual range of temperatures increases, the number of days to
fledging decreases. Fledglings in areas with high variability in temperature fledge sooner
than fledglings in areas with little variability in temperature. Birds in areas with little
variability in temperature might have a more constant supply of resources than birds in
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areas with high variability in temperature where resources fluctuate in response to
temperature. Therefore, fledglings in areas with low variability in temperature (stable
resources) might not be pressured by parental care birds to fledge and might remain in the
nest even if they are physically capable of fledging. The fledglings in areas where
resources are less consistent might fledge sooner due to parental pressure. Even if the
parents of a brood continue to care for the chicks post-fledging, fledglings that fledge
early might not be as capable of foraging or defending themselves as fledglings that
remain in the nest longer. In areas where resources are less consistent, the parental care
birds could increase fitness by allowing the fledglings to remain in the nest longer.
Overall, my results indicate that breeding system is not influenced by species
relatedness. I was unable to identify a pattern among species for breeding system and
environmental variables, but I found that some within-species analyses showed a positive
correlation between breeding system and environmental variables. Monogamous
populations were located in areas of higher mean annual temperature. A similar trend
was present in the life history analyses after phylogenetic relatedness was controlled.
Clutch size was positively correlated with latitude and fledging was correlated with mean
temperature of the driest quarter. These findings might indicate a correlation between life
history traits and resource abundance but are inconclusive because life expectancy was
not incorporated in the analyses.

CONCLUSIONS

My results indicated that breeding system was not significantly influenced by
phylogenetic relatedness nor by environmental variables that were used in this study. My
hypothesis of a positive correlation between breeding system type and environmental
variables among species was refuted. However, there might be a pattern between number
of individuals participating in a nesting unit and location of the unit in the species’
geographic range.
Only one species’ breeding system was influenced by environmental variables
based on the within-species analyses between breeding system and environmental
variables. The House Wren’s breeding system was positively correlated with mean
annual temperature and mean temperature of the driest quarter. Monogamous
populations of the House Wren were located in areas with higher mean annual
temperatures. Other species were observed with the same pattern but were not
statistically significant. My results support the hypothesis that there is a positive
correlation between breeding system and environmental variables within some North
American species.
The life history trait data revealed that species relatedness does impact life history
traits. I controlled for phylogenetic relatedness in the among-species correlation between
life history traits and environmental variables. I found significant correlations between
clutch size and average latitude of the species and between clutch size and mean
23
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temperature of the driest quarter. I also found a significant correlation between fledging
and mean temperature of the driest quarter. Therefore, I retain the hypothesis that there is
a correlation between life history traits and environmental variables among species. The
life history trait data also revealed significant correlations between life history traits and
environmental variables within the species Bewick’s Wren and Brown-headed Nuthatch.
These results support the hypothesis that there is a correlation between life history traits
and environmental variables within some species. The combined species dataset also
revealed trends between life history traits and environmental variables.
Although the data did not support each of my hypotheses, the connection between
behaviors during the breeding season and environmental variables should be explored in
future research to assess the correlation between behavior and resource abundance across
space. Although I rejected my hypothesis that there is a positive correlation among
species between breeding system and environmental variables, visual assessment of the
location of breeding units with three or more individuals indicated that a pattern might
exist. This pattern could be similar to patterns that have been identified in life history
traits. By assessing behavior and life history traits while statistically controlling the
effects of phylogenetic relatedness and near proximity in space, future researchers will be
able to successfully explore questions related to behavioral biogeography.
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TABLES

Table 1 Thirty-five behavioral and life history variables collected from the literature.

Behavior and life history trait variables
1

Primary Breeding System

2

Instances of monogamy observed

3

Instances of polygyny observed

4

Instances of polyandry observed

5

Instances of polygamy observed

6

Instances extra-pair paternity observed

7

Instances of cooperative breeding observed

8

Instances of colonial breeding observed

9

Mean Number of nests per colonial site

10

Number of monogamous males observed

11

Number of polygynous males observed

12

Number of polyandrous males observed

13

Number of colonial nesting males observed

14

Number of nonbreeding males observed

15

Mean number of extra-pair paternity males per nest

16

Number of monogamous females observed

17

Number of secondary females of polygyny observed

18

Number of polyandrous females observed

19

Number of extra-pair paternity females observed

20

Number of cooperative breeding females observed

21

Number of colonial nesting females observed

22

Total males nesting in population

23

Total females nesting in population
30

31

Behavior and life history trait variables

24

Mean clutch size of population

25

Clutch size standard deviation

26

Clutch size number of nests

27

Hatching day (0 or 1)

28

Mean number hatchlings per successful nest

29

Standard deviation of number of hatchlings per successful nest

30

Number of nests observed in number hatchlings per successful nest

31

Parental care of population

32

Mean number of fledglings per female

33

Standard deviation of fledglings per female

34

Number of nests observed in number of fledglings per female

35

Number of days between hatching and fledging

32
Table 2 Taxonomic information of species that data was collected for. Includes two
orders, four families, 13genera, and 36 species.

Order

Family

Genus
Species

Passeriformes

Paridae

Baeolophus

Passeriformes

Paridae

Baeolophus

Passeriformes

Paridae

Baeolophus

Passeriformes

Paridae

Baeolophus

Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Baeolophus
atricristatus
Baeolophus
bicolor
Baeolophus
inornatus
Baeolophus
ridgwayi
Baeolophus
wollweberi
Poecile
atricapillus
Poecile
carolinensis

Common
Name
Black-crested
Titmouse
Tufted
Titmouse
Oak Titmouse

Juniper
Titmouse
Paridae
Baeolophus
Bridled
Titmouse
Paridae
Poecile
Black-capped
Chickadee
Paridae
Poecile
Carolina
Chickadee
Paridae
Poecile
Gray-headed
Poecile cinctus
Chickadee
Paridae
Poecile
Mountain
Poecile gambeli
Chickadee
Paridae
Poecile
Poecile
Boreal
hudsonicus
Chickadee
Paridae
Poecile
Chestnutbacked
Poecile rufescens Chickadee
Sittidae
Sitta
Red-breasted
Sitta canadensis
Nuthatch
Sittidae
Sitta
White-breasted
Sitta carolinensis Nuthatch
Sittidae
Sitta
Brown-headed
Sitta pusilla
Nuthatch
Sittidae
Sitta
Pygmy
Sitta pygmaea
Nuthatch
Troglodytidae Campylorhynchus Campylorhynchus Cactus Wren
brunneicapillus
Troglodytidae Catherpes
Catherpes
Canyon Wren
mexicanus
Troglodytidae Cistothorus
Cistothorus
Marsh Wren
palustris
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Order

Family

Genus

Passeriformes

Troglodytidae Cistothorus

Passeriformes

Troglodytidae Salpinctes

Passeriformes

Troglodytidae Thryomanes

Passeriformes

Troglodytidae Thryothorus

Passeriformes

Troglodytidae Thryothorus

Passeriformes

Troglodytidae Troglodytes

Passeriformes

Troglodytidae Troglodytes

Passeriformes

Troglodytidae Troglodytes

Piciformes

Picidae

Colaptes

Piciformes

Picidae

Melanerpes

Piciformes

Picidae

Melanerpes

Piciformes

Picidae

Melanerpes

Piciformes

Picidae

Melanerpes

Piciformes

Picidae

Picoides

Species

Common Name

Cistothorus
platensis
Salpinctes
obsoletus
Thryomanes
bewickii
Thryothorus
ludovicianus
Thryothorus
modestus
Troglodytes
aedon
Troglodytes
pacificus
Troglodytes
troglodytes
Colaptes
chrysoides
Melanerpes
erythrocephalus
Melanerpes
formicivorus

Sedge Wren

Melanerpes lewis
Melanerpes
uropygialis
Picoides arizonae

Piciformes

Picidae

Picoides
Picoides dorsalis

Piciformes

Picidae

Picoides

Piciformes

Picidae

Sphyrapicus

Struthioniformes Struthionidae

Struthio

Picoides scalaris
Sphyrapicus
varius
Struthio camelus

* See Appendix II, section: Issues of nomenclature changes

Rock Wren
Bewick's Wren
Carolina Wren
Plain Wren
House Wren
Pacific Wren
Winter Wren
Flicker*
Red-headed
Woodpecker
Acorn
Woodpecker
Lewis's
Woodpecker
Gila
Woodpecker
Arizona
Woodpecker
American Threetoed
Woodpecker
Ladder-backed
Woodpecker
Yellow-bellied
Sapsucker
Ostrich

Table 3 Fourteen species were used in among-species analyses for breeding system and the environmental variables mean annual
temperature, annual temperature range, mean temperature of the driest quarter, mean annual precipitation, and precipitation of driest
month. Reported values are standardized and lack units.

Common name

Mean annual
temp.

Annual temp.
range

Mean temp.
driest quarter

Annual precip.

Precip. driest
month

Minimum
Maximum
Mean
Minimum
Red-headed
Woodpecker
Maximum
Mean
Minimum
Lewis's
Woodpecker
Maximum
Mean
Minimum
Acorn
Woodpecker
Maximum
Mean
Gila Woodpecker Minimum
Maximum
Mean
Minimum
Yellow-bellied
Sapsucker
Maximum
Mean

62
225
110.2
57
222
132.18
-27
143
47.62
108
153
118.45
142
214
197.25
-4
68
49.33

244
446
402.67
244
450
361.71
258
447
376.69
246
390
345.45
330
394
352.75
383
508
424.67

-55
259
8.2
-84
219
61.41
-36
215
50.31
26
186
96.55
176
244
225.88
-170
-38
-70.5

138
1225
619.33
279
1564
1035.06
277
1099
576.23
342
632
441.36
208
367
284.63
465
1194
882.33

1
86
27.67
6
89
51.82
2
39
19.69
2
13
9.09
1
8
3.88
18
86
50.83

Flicker
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Common name
Pygmy Nuthatch

Brown-headed
Nuthatch
Marsh Wren

House Wren

Chestnut-backed
Chickadee
Mountain
Chickadee

Minimum
Maximum
Mean
Minimum
Maximum
Mean
Minimum
Maximum
Mean
Minimum
Maximum
Mean
Minimum
Maximum
Mean
Minimum
Maximum
Mean

Mean annual
temp.

Annual temp.
range

Mean temp.
driest quarter

Annual precip.

Precip. driest
month

88
232
138.5
173
204
186.83
21
111
85
21
197
91.71
13
148
110.13
19
175
78.33

201
366
263.13
268
327
302.17
222
505
307.63
229
442
381.43
145
343
259
296
392
353.33

118
194
158.38
145
267
191.67
-126
179
99.63
-104
212
-11.86
10
219
158.13
-73
175
95

490
1429
915.13
1173
1296
1218
440
955
767.13
371
1400
806
495
1647
810.38
214
1647
883.17

1
67
16.63
55
68
60.5
16
22
19.75
2
84
41.05
1
22
5.5
4
31
14.17
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Common name
Black-capped
Chickadee
Carolina
Chickadee

Minimum
Maximum
Mean
Minimum
Maximum
Mean

Mean annual
temp.

Annual temp.
range

Mean temp.
driest quarter

Annual precip.

Precip. driest
month

19
120
62.87
91
152
118.38

228
475
380.8
336
379
360.88

-124
181
9.73
-32
199
29.75

457
1315
856.73
938
1274
1048.5

15
84
43.4
50
78
62.75
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Table 4 Results of permutation analyses assessing among-species correlations between
breeding system and environmental variables and latitude. Reported values are
standardized and lack units.

Environmental variable

t-value

p-value

Mean Annual Temp.

13.120

0.212

Annual Temp. Range

23.713

0.228

Mean Temp. Driest Quarter

10.976

0.578

Mean Annual Precipitation

63.353

0.661

Precipitation Driest Month

5.761

0.310

Mean Latitude

1.598

0.295
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Table 5 Six species were used for within-species analyses of breeding system and the
environmental variables.

Order

Family

Species

Common name

Piciformes

Picidae

Melanerpes lewis

Lewis’s Woodpecker

Piciformes

Picidae

Acorn Woodpecker

Passeriformes

Sittidae

Melanerpes
formicivorus
Sitta pygmaea

Passeriformes

Sittidae

Sitta pusilla

Brown-headed Nuthatch

Passeriformes

Troglodytidae

Troglodytes aedon

House Wren

Passeriformes

Paridae

Poecile atricapillus

Black-capped Chickadee

Pygmy Nuthatch
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Table 6 House Wren results of permutation within-species analyses of breeding system
and environmental variables and latitude. Reported values are standardized and lack
units.

Environmental variable

t-value

p-value

Mean Annual Temp.

56.140

0.001**

Annual Temp. Range

26.140

0.852

Mean Temp. Driest Quarter

82.710

0.009*

Mean Annual Precipitation

149.570

0.165

Precipitation Driest Month

3.930

0.618

Mean Latitude

7.710

1.00
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Table 7 Descriptive statistics of House Wren populations used for within-species
permutation analyses of breeding system to the environmental variables mean annual
temperature and mean temperature of the driest quarter. Reported values are
standardized and lack units.

Environmental Variable
Mean Annual Temp.

Mean Temp. Driest
Quarter

Monogamous
Populations
(n=7)

Alternative
Populations
(n=14)

Minimum
Maximum
Mean
Range

98.0
197.0
129.1
99.0

21.0
135.0
73.0
114.0

Minimum
Maximum
Mean
Range

581.0
1400.0
905.7
819.0

371.0
1216
756.1
845
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Table 8 Fifteen species were used in among-species analyses of life history traits and
environmental variables.

Order
Passeriformes

Family

Species

Common name

Paridae

Poecile atricapillus

Passeriformes
Passeriformes

Paridae

Poecile carolinensis

Black-capped
Chickadee
Carolina Chickadee

Paridae

Poecile gambeli

Passeriformes

Sittidae

Sitta pusilla

Passeriformes
Passeriformes

Sittidae

Sitta pygmaea

Sittidae

Sitta carolinensis

Passeriformes

Troglodytidae

Passeriformes
Passeriformes
Passeriformes
Passeriformes
Passeriformes

Troglodytidae

Campylorhynchus
brunneicapillus
Cistothorus palustris

Troglodytidae

Cistothorus platensis

Sedge Wren

Troglodytidae

Salpinctes obsoletus

Rock Wren

Troglodytidae

Thryomanes bewickii

Bewick's Wren

Troglodytidae

Carolina Wren

Passeriformes
Passeriformes
Piciformes

Troglodytidae

Thryothorus
ludovicianus
Troglodytes aedon

Troglodytidae

Troglodytes pacficus

Pacific Wren

Picidae

Sphyrapicus varius

Yellow-bellied
Sapsucker

Mountain
Chickadee
Brown-headed
Nuthatch
Pygmy Nuthatch
White-breasted
Nuthatch
Cactus Wren
Marsh Wren

House Wren

Table 9 Results of phylogenetic independent contrast (PIC) with Pearson correlation using among-species analyses for mean clutch
size and environmental variables.

Mean Clutch Size

R-square

Coefficient

t-value

p-value

Mean Annual Temp.

0.219

-17.849

1.979

0.068

Annual Temp. Range

0.164

-24.880

1.655

0.120

Mean Temp. Driest Quarter

0.281

-40.751

2.340

0.035**

Mean Annual Precipitation

0.00001

-2.950

0.043

0.966

Precipitation Driest Month

0.041

-5.651

0.771

0.453

Mean Latitude

0.396

3.449

3.031

0.009**
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Table 10 Results of phylogenetic independent contrast (PIC) with Pearson correlation using among-species analyses for fledging and
environmental variables.

Environmental variable

R-square

Coefficient

t-value

p-value

Mean Annual Temp.

0.145

5.723

1.539

0.146

Annual Temp. Range

0.141

-9.085

1.513

0.153

Mean Temp. Driest Quarter

0.272

15.801

2.288

0.038**

Mean Annual Precipitation

0.006

-7.702

0.288

0.778

Precipitation Driest Month

0.126

-3.922

1.424

0.177

Mean Latitude

0.013

0.249

0.434

0.671
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Table 11 Seven species were used for within-species analyses of life history traits and
environmental variables.

Order

Family

Species

Common Name

Passeriformes

Troglodytidae

Thryomanes bewickii

Bewick's Wren

Passeriformes

Paridae

Poecile atricapillus

Passeriformes

Sittidae

Sitta pusilla

Passeriformes

Troglodytidae

Passeriformes

Troglodytidae

Thryothorus
ludovicianus
Troglodytes aedon

Black-capped
Chickadee
Brown-headed
Nuthatch
Carolina Wren

Passeriformes

Troglodytidae

Troglodytes pacficus

Pacific Wren

Passeriformes

Troglodytidae

Cistothorus platensis

Sedge Wren

House Wren

Table 12 Results of within-species Mantel and partial Mantel tests for analyses of life history traits and environmental variables.

Mantel test

partial Mantel test

Species

r-value

p-value

r-value

p-value

Bewick’s Wren

-0.2096

0.725

0.410

0.008**

Black-capped Chickadee

-0.421

0.925

-0.492

0.975

Brown-headed Nuthatch

0.792

0.133

0.799

0.101*

Carolina Wren

-0.137

0.706

-0.077

0.629

House Wren

0.067

0.190

0.070

0.274

Pacific Wren

-0.243

0.467

-0.413

0.733

Sedge Wren

-0.277

0.831

-0.519

0.681
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Table 13 Results of Pearson product-moment correlation analyses for fledging and environment variables and geographic location
(df=53).

Environmental Factor

Correlation coefficient

t-value

p-value

Mean Annual Temp.

0.222

1.655

0.104

Annual Temp. Range

-0.482

4.001

0.0002***

Mean Temp. Driest Quarter

0.394

3.117

0.003**

Mean Annual Precipitation

0.369

2.894

0.006**

Precipitation Driest Month

0.212

1.581

0.120

Mean Latitude

-0.182

1.350

0.183
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FIGURES

Phylogeny of Aves
Flicker
Flick
Red-headed Woodpecker
RedWoo
Lewis’s Woodpecker
LewWoo
Acorn Woodpecker
AcoWoo
Gilded Woodpecker
GilWoo
Yellow-bellied Sapsucker
YelSap
Pygmy Nuthatch
PygNut
Brown-headed Nuthatch
BroNut
Marsh Wren
MarWre
House Wren
HouWre
Chestnut-backed Chickadee
CheChi
Mountain Chickadee
MouChi
Black-capped Chickadee
BlaChi
Carolina Chickadee
CarChi
Ostrich
Ostrich

Figure 1 Phylogeny of species used in analyses of breeding system and environmental
variables. Ostrich is included as an outgroup. Branch lengths obtained through
BirdTree.org and consensus tree assembled through FigTree.
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Phylogeny of species used for life history trait analysis
Yellow-bellied Sapsucker
YelSap
White-breasted Nuthatch
WhiNut
Pygmy Nuthatch
PygNut
Brown-headed Nuthatch
BroNut
Bewick’s Wren
BewWre
Carolina Wren
CarWre
House Wren
HouWre
Pacific Wren
PacWre
Sedge Wren
SedWre
Marsh Wren
MarWre

CacWre
Cactus Wren
Rock Wren
RocWre
Carolina Chickadee
CarChi
Mountain Chickadee
MouChi
Black-capped Chickadee
BlaChi
Ostrich
Ostrich

Figure 2 Phylogeny of species used in analyses of life history traits and environmental
variables. Ostrich is included as an outgroup. Branch lengths obtained through
BirdTree.org and consensus tree assembled through FigTree.
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Figure 3 Distribution of populations of the Lewis’s Woodpecker used in within-species
analyses of breeding system and environmental variables. Circles represent monogamous
populations and triangles represent alternative populations. The gray polygon represents
the breeding range (WGS1984).
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Figure 4 Distribution of populations of the Acorn Woodpecker used in within-species
analyses of breeding system and environmental variables. Circles represent monogamous
populations and triangles represent alternative populations. The gray polygon represents
the breeding range (WGS1984).
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Figure 5 Distribution of populations of the Pygmy Nuthatch used in within-species
analyses of breeding system and environmental variables. Circles represent monogamous
populations and triangles represent alternative populations. The gray polygon represents
the breeding range (WGS1984).
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Figure 6 Distribution of populations of the Brown-headed Nuthatch used in withinspecies analyses of breeding system and environmental variables. Circles represent
monogamous populations and triangles represent alternative populations. The gray
polygon represents the breeding range (WGS1984).
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Figure 7 Distribution of populations of the House Wren used in within-species analyses
of breeding system and environmental variables. Circles represent monogamous
populations and triangles represent alternative populations. The gray polygon represents
the breeding range (WGS1984).
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Figure 8 Distribution of populations of the Bewick’s Wren used in within-species
analyses of life history traits and environmental variables. Circles represent
monogamous populations and triangles represent alternative populations. The gray
polygon represents the breeding range (WGS1984).
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Figure 9 Distribution of populations of the Black-capped Chickadee used in withinspecies analyses of breeding system and environmental variables. Circles represent
monogamous populations and triangles represent alternative populations. The gray
polygon represents the breeding range (WGS1984).
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Figure 10 Distribution of populations of the Black-capped Chickadee used in withinspecies analyses of life history traits and environmental variables. Black squares
represent breeding populations included in the dataset. The gray polygon represents the
breeding range (WGS1984).
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Figure 11 Distribution of populations of the Brown-headed Nuthatch used in withinspecies analyses of life history traits and environmental variables. Black squares
represent breeding populations included in the dataset. The gray polygon represents the
breeding range (WGS1984).
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Figure 12 Distribution of populations of the Carolina Wren used in within-species
analyses of life history traits and environmental variables. Black squares represent
breeding populations included in the dataset. The gray polygon represents the breeding
range (WGS1984).
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Figure 13 Distribution of populations of the House Wren used in within-species analyses
of life history traits and environmental variables. Black squares represent breeding
populations included in the dataset. The gray polygon represents the breeding range
(WGS1984).
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Figure 14 Distribution of populations of the Pacific Wren used in within-species
analyses of life history traits and environmental variables. Black squares represent
breeding populations included in the dataset. The gray polygon represents the breeding
range (WGS1984).
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Figure 15 Distribution of populations of the Sedge Wren used in within-species analyses
of life history traits and environmental variables. Black squares represent breeding
populations included in the dataset. The gray polygon represents the breeding range
(WGS1984).
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Figure 16 Distribution of populations used in assessing the correlation between breeding
system and environmental variables. Circles on the map represent monogamous
populations. Triangles alternative breeding system populations. Made in ArcGIS with
WGS1984.
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Figure 17 Distribution of alternative breeding system populations of the species used in
assessing the correlation between breeding system and environmental variables. Squares
on the map represent polygynous and polyandrous populations. Triangles are colonial
and cooperative breeding system populations. Made in ArcGIS with WGS1984.

APPENDICES

Appendix I
General Data Collection

I recorded all sources in an Excel datasheet. Each record includes the author name(s),
paper title, year published, journal, volume, and page number. Information retrieved
from a book was recorded with author name(s), book title, year, edition, editor(s), chapter
name and number, and page number(s). Each source was given a reference number
which was then included in the behavior and life history data set along with the first
author’s name and year of publication. I recorded behavior and life history data for
populations of species in the families of Paridae, Sittidae, Troglodytidae, and Picidae.
The dataset contained the following information:

1. Population – the specific group of individuals of a species that was studied in a
defined area and time by the author(s).
0 – No population; author is only making a general statement about the overall
species throughout all of its breeding range
1 – A single population studied in a location specified by the author
2 – A second population, studied in a different location
3 – A third population, studied at a third location
If the article presented data for a study that spanned multiple years, each year is
represented by the population number followed by an alphabet letter. If the article
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also summarizes the data for all years, it is represented by the population number
followed by letters with a backslash.
Example: Dobbs et al. (2006) presents data for 1998 and 1999 which are assigned
as population 1a and 1b, respectively, by me, under the column heading
POPULATION; data for the combination of 1998-1999 are categorized as 1a/1b
under the column POPULATION (a total of three row are used in the spreadsheet
for this article).
2.

Population locality and years studied
The country, state or province (examples: San Luis Potosi; Hidalgo; Veracruz;
Idaho (ID); Utah (UT), and county was included for each population. If the
information was reported from a collection, the institution of the collection was
included. If the population was located in a national, state, or locally government
owned area, the name of the location was included (examples: Medicine Bow
National Forest; College Park; San Joaquin Experimental Range (SJER)). If specific
details of the population within an area were provided by the author, that information
was placed in a column for population location within park or other geographical
feature (examples: Sierra del Carmen bridge; near Portola Valley). If the population
was located in or near a city, the city name was recorded (examples: suburban
Baltimore; 22km north of Flagstaff). Latitude and longitude were recorded in
decimal degrees. Elevation or range of elevation (meters) was included when
provided.
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If a population was studied for contiguous years, the years were recorded as
separated with a dash. If multiple years were used but they were not contiguous, the
years were recorded as separated with a semicolon. If a population was studied
multiple years, but only information from one year was relevant to the dataset, only
that year was recorded in the dataset.
3. Site manipulation – were nest boxes present in the study site, yes or no.
4. Breeding system – if five percent or more of the nesting units in a population engaged
in polygyny, polyandry, cooperative breeding, colonial breeding, or extra-pair
copulation, the population was classified accordingly. If less than five percent of the
nesting units exhibited an alternative breeding system, the population was classified
as monogamous (Appendix III).
5. Number of nesting units of a population that participated in each breeding system
(Appendix III).
6. Number of males participating in each breeding system or not participating in a
breeding unit even though they were present at the site.
7. Number of females participating in each breeding system or not participating in a
breeding unit even though they were present at the site.
8. Total number of individuals present in a population.
9. Clutch data included the following:
A. Average number of clutches per year (excluding all females that start a second
clutch because the first failed)
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B. Maximum number of clutches per year – the maximum number of successful
clutches any female in the population raised to fledging
C. Total number of nests observed in a population that the above numbers were
generated from
D. Mean clutch size with standard deviation
E. Range in clutch size – minimum and maximum clutch size (Example: 3;6)
F. Total number of nests observed in a population that the above numbers of clutch
size were generated from
10. Hatching day – denotes if the author classifies the day the first nestling hatches as day
zero or day one (ND=0 or ND=1). If the author does not specify what the nesting
day it, but includes information about fledging date, I placed the abbreviation NS in
this column (Appendix II).
11. Mean number of hatchlings for each breeding system category and total number of
hatchlings in the population.
12. Parental care was classified based on the number of individuals seen participating in a
nesting unit and included the following:
A. Male only – only the male was observed
B. Female only – only the female was observed
C. Male and female – both male and female were observed
D. Cooperative – three or more individuals were observed
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13. Fledging data included the following:
A. Mean number of fledglings per nest with standard deviation and sample size
B. Range number of fledglings produced in a population with sample size
C. Departure – what day(s) the nestlings leave the nest/fledge (example: 18;19)
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Appendix II
Special circumstances during data collection

Issues of nomenclature changes
When there is a situation in which a species has recently been split into two or more
distinct species and the species ranges overlap, data from studies performed within the
area of overlap, when specific subspecies are not specified in the data, will be categorized
based on most recent publication date that uses said data author as a reference.
A. Winter Wren and Pacific Wren – The species Winter Wren (Troglodytes
hiemales) was split into the Winter Wren (Troglodytes troglodytes) and
Pacific Wren (Troglodytes pacficus). Data from Waterhouse (1998),
McLachlin (1983), De Santo (2003), and Campbell et al. (1997) are
categorized in my database as Pacific Wren due to Toews et al. (2012)
referencing the above as Pacific Wren data even though Hejl et al. (2002) still
uses the above authors as references for the Winter Wren.
B. Tufted Titmouse (Baeolophus bicolor) and Black-crested Titmouse
(Baeolophus atricristatus) – the two species were merged and considered a
single species until the AOU re-evaluated and separated the species again in
2002.
C. Juniper Titmouse (Baeolophus ridgwayi) and Oak Titmouse (Baeolophus
inornatus) – previously combined under the name “Plain Titmouse,” the
species were separated by the AOU in 1998.
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D. New world American Three-toed Woodpecker (Picoides dorsalis) and old
world European/Asian Three-toed Woodpecker – noted by editor of Cornell
website in 2006.
E. Arizona Woodpecker (Picoides arizonae) recently combined with Strickland’s
Woodpecker– noted by editor of Cornell website.
F. Gilded Flicker (Colaptes chrysoides) recently split from Northern Flicker
(treated as a single species on Cornell website and in my project) – noted by
editor of Cornell website; yellow shafted flicker is a subspecies of the
Northern Flicker. It is impractical to differentiate the populations of these two
species, so they are treated as a single group I call Flickers. When collecting
phylogenetic data, I use the gilded flicker (Colaptes chrysoides) to represent
the Flicker placement within the tree.

Issue associated with population location and time period
If a study spans multiple years but the location of the study remains the same, and
if data is presented by specific year, then I represented each year’s population with a
different letter. If data are presented as a combination of the study’s years, I represented
the population with a backslash between the populations’ assigned letters. If a study
spans a single or multiple year and the location remains the same, but the authors made a
distinction between manipulated sites (addition of nest boxes) and non-manipulated sites,
then I made a distinction by giving each subset of the population a row within the
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spreadsheet and represent each subset with a different population letter. The following
are examples of these situations.
A.

Dobbs et al. (2006) presents data for 1998 and 1999 which I classify as
population 1a and 1b, respectively, under the column heading population in
the dataset. Data for the combination of 1998-1999 I categorized as 1a/1b
under the column population.

B.

Odum published data for a single population of Black-capped Chickadees in
two different articles. Each article received a row in the spreadsheet and the
reference numbers are modified with a letter that corresponds with the article,
but because it was a single population under study by the same author, it is
categorized as POPULATION 1 in each row. (Odum, 1941a;b)

C.

Johnson & Kermott (1991) present data for sites where nest boxes were not
added to male House Wrens’ territory and sites where nest boxes were added
to male House Wrens’ territory. Therefore, they are distinguished as 1a and
1b, respectively, under the column heading population and site manipulation
is specified accordingly.

When a study spans a number of years but information regarding breeding
information such as number of nests or number of nestlings is broken down by year and
is not an average of all the years the study was conducted, I only used the pertinent years
in the column labeled year population studied.
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The geographic coordinates of a population are not always provided. The
approximate location can be found using site descriptions given by the author(s) using
LATLONG.NET

software (retrieved May 2016; USA Coordinates). Coordinates are taken

to the third decimal place, implying that the coordinates area accurate up to 110 meters
from the true population location. This is often overly generous for populations located
within a large potential area such as a national forest in which the name of the forest is
the only description given.

Issues associated with breeding system
If the author(s)’ definition of a breeding system is different than mine, I use the
data presented in the article to classify the population. Additionally, if a species has no
known instances of a breeding system other than monogamy, and a paper reports on a
population of that species without specifically referring to it as monogamous but uses
implying words such as ‘pair,’ ‘nesting pair’ or ‘nesting couple’ then I assume the
population is monogamous and classify it in my spreadsheet accordingly. If those
indicator words are not used, I do not classify the population. If possible, I searched for
other studies conducted at the same site for verification of breeding system.
A. Waterman et al. (1989) classified a Black-capped Chickadee population as
polyandrous, but did not witness the copulations and only references a
copulation-feeding event between one of the males and the females.
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However, both males assisted the female during the nesting attempt.
Therefore, I class this event as a cooperative breeding situation.
B. Grove (1982) provides data for multiple years. In 1979 a male succeeded in
obtaining three females such that the primary and secondary female
overlapped and the secondary and tertiary female overlapped. However, in
1981, the first female and the second female, did not overlap, although the
second female and third female did. Therefore, I classified this as a
polygynous breeding unit even though there was an instance of monogamy.
C. Stacey and Koenig (1990) have three study sites: HR, RR, and WC. The
number of nesting units is given for each site. At RR the groups are primarily
monogamous with only five nesting units containing three individuals. I label
these five as cooperative. At WC, 98 out of 164 nesting units are
monogamous pairs. The remaining 66 I labeled as cooperative. However,
there is no way to know how many nesting units were present within each
colonial nesting group. At HR, 83 out of 354 nesting units are monogamous.
The remaining 271 groups I labeled as cooperative. There is no way to know
how many of the 271 groups fall into each alternative category. I have made
this decision in order to be conservative and not over-represent the breeding
system. Additionally, Weathers et al. (1990) states that there is only one nest
per group for Acorn Woodpeckers. However, this is a conservative measure
even though joint-nesting (colonial method) is often observed in this species.
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Each nesting attempt in a given season is categorized using the definitions of
breeding system. Therefore, if a pair of individuals attempt a nest during two or more
consecutive or non-consecutive years, each attempt is treated as independent (this
delineation was made on August 16, 2015 and as a consequence there may be rare
incidents of discrepancy within the families Troglodytidae and Sittidae). Exceptions to
this occur when a single pair of monogamous birds are reported for an area over multiple
years (the pair must be identified as the same individuals using color banding). An
example is presented by Nice (1933) when one pair of Carolina Chickadees nested
consistently between 1931-1933, based on color banding identification.
Each nesting units breeding system was assigned based on the system that was
observed initially. The following are examples of when this determination was
necessary:
A. Otter et al. (1994) documented eight nesting events, of which, three nesting
females obtained extra-pair paternity copulations, each with a different
male. Later in the season, one of the three extra-pair paternity males lost his
mate and he subsequently joined the territory of the female he had obtained
extra-pair paternity with, thus, creating a false-polyandry nesting event.
Based on my methods and definitions, I have not incorporate the polyandry
event since it was not present at the beginning of the nesting event.
B. Howitz (1991) documented four individuals (two males:M1 and M2; two
females:F1 and F2) which he believed to initially form pairs (M1F1 and
M2F2). When F1 disappeared, Howitz concluded that the nesting attempt
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had failed at which point M1 joined the nesting efforts of M2F2. Howitz
considered this to be polyandry, but because M1F1 were considered to have
initiated a nest which failed, I categorize the situation as monogamous since
M1 switched to helping only after his nest failed (based on my definition of
cooperative breeding, this could be considered a situation of cooperative
breeding, but I place it as monogamous for simplicities sake).

Cooperative breeding events are considered mutually exclusive from
monogamous breeding events. Therefore, the total number of females in a population is
equal to monogamous females plus cooperative breeding females. The total number of
males is difficult to calculate. Ideally, it should be equal to the number of monogamous
males plus the number of cooperatively breeding males. This works if the helpers at a
cooperative nest are all male, but often the gender of helpers is not known. When the
gender of helpers is undetermined, the helpers are placed in the data set unknown gender
column.

Issues associated with clutch size and fledging data
When clutch data are reported which includes estimates of clutch size based on
number of fledglings observed at the nest and clutch size of nests that failed, these
specific data are omitted from analysis and only clutch size data obtained by direct
verification of number of eggs in a nest that hatches at least one egg is included. This is
because estimates based on fledglings are a minimum as more eggs might have been laid
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than hatched. Failed nest data are omitted because it is not known if the nest failed
before clutch was completed or failed after clutch was completed. The following are
examples of this determination:
A. In Anderson & Anderson (1960), Table 1 indicates failed nests and
estimated clutch sizes based on number of fledglings observed among
other clutch size data of known nests.
B. Barlow (1901) provides information of four nesting events found on
separate occasions. The information is as follows: 1 nest with number of
eggs present; 1 nest with number of newly hatched young present; and 2
nests with number of near/occurring fledging present. Barlow gives an
apparent clutch size by using all nests. I use only the nest with verified
eggs present.
In studies that manipulated clutch size by adding or removing eggs from nests,
only control nest data are used in my spreadsheet for analysis. For example, Arnold
(1993) provides reproductive success data for control clutches as well as manipulated
clutches. Only control clutch data are recorded in my dataset.
If possible, the average number of fledglings from successful nests (nests that
produce at least one fledgling) was recorded in the spreadsheet. If that average is not
available, an average of all active nests is used based on information provided directly by
the author(s) or was calculated as stated in previous appendix bullet points. However, no
distinction is made in the spreadsheet as to whether the average value is for successful
nests or all active nests.

77
Often the author does not state whether the day of hatching is day zero or day one.
If this is the case but dates are provided for day of hatching and day of departure, I
assume a method of using hatching as day zero. I do not make a distinction of whether I
or the author decided to use day zero as the hatching day. If the hatching is given as a
range I report it as a range, i.e. there is asynchronous fledging, but for analysis purposes,
I took an average of the given numbers. If the range is presented with more than seven
days in between the first fledged and the last fledged, the case was omitted from analysis.
For analysis, all cases in which hatching days was specified as day one, I standardized the
departure by adding a value of one and re-classing hatching day as day zero.
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Appendix III
Definitions and explanation of major terminology

Breeding system data
As a rule, a population is considered monogamous unless there is evidence that at
least five percent of the population participates in a different breeding system as
described below. The following are the definitions I used to classify populations nesting
units.
Monogamy – a situation in which a male mates with one female and neither obtain
further copulation events during the breeding attempt.
Polygyny – a situation in which a male obtains copulation with two or more females who
each establish a nest in his territory, such that some part of the breeding season of
those females overlap between courting and fledging of young from nest.
Polyandry – a situation in which a female copulates with two or more males who remain
on the territory to assist the female. If a female copulates with two or more males,
but only one remains on the territory to assist while the other vacates the territory,
it should be considered an extra-pair copulation event and not polyandry.
Cooperative Breeding – a situation in which three or more individuals are active at a nest
or defending a territory during any part of the breeding season between nestbuilding and fledging of young from nest. If copulation between female and more
than one male attending the nest is observed or verified through genetic paternity
test such that the nestlings can be attributed to both/all the males at the nest, the
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nesting event should be considered polyandry. This is based on the following
uses of the term cooperative breeding:
A. Miller & Jones (1999) – categorized cooperative breeding based on three
individuals at a nest participating in one or more of the following
categories: incubation, brooding, food delivery to nest.
B. Norris (1958) – categorized cooperative breeding for cases in which three
individuals (two males and one female) participated in nest building, food
delivery to female during incubation or brooding, food delivery to
nestlings, and/or nest cleaning.
C. Brown (1978) – categorized cooperative breeding as two or more adults
participating in nest defense, incubation, or providing for brood during a
breeding event. In this paper, there is a questionable instance of
cooperative breeding, regardless of whether the instance is considered
cooperative or non-cooperative, the population is cooperative based on the
five percent rule (one of nineteen nests participating in cooperative
breeding = 5.3% vs. two of nineteen nests participating in cooperative
breeding = 10.5% ).
D. Nocedal & Ficken (1998) – categorized cooperative breeding as two or
more adults observed in feeding nestlings, removing fecal sacs, and
participating in territory defense which included mobbing behavior.
E. Cockburn (1998) – categorized cooperative breeding as a system in which
two or more individuals participate in rearing young from a single nest.
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F. Stacey and Koenig (1990) – there are three research sites each with a
number of breeding acorn woodpecker groups. The number of
monogamous groups is calculated based on percentage of total number.
The remaining groups are classified as cooperative because specific
breeding system is unknown.
Colonial Nesting – a situation in which there is more than one active nest (or two females
utilizing the same nest, ‘joint-nesting’) of a single species at a single site or tree
(especially for cavity nesting species). This eliminates the need to distinguish
situations of cooperative vs. polygynous vs. polygynandous when there are
multiple breeding system types present in a single, defined, site.
A. Currier (1928) – there are two colonial sites (two different trees, each with
two or more nests) and one monogamy site in which no other nests were
found.
B. Vierling (1997) – there are a total of 47 nesting trees. Some of these
“occasional” trees contain more than one nesting pair. In Vierling 1998,
the author states that he is using the same populations studied and
observed 59 breeding pairs of Lewis’s Woodpeckers, a specific number
referred to as ‘nest holes’ in the 1997 paper. Therefore, there were
apparently 12 trees with more than one nesting pair.
Extra-pair Copulation – a situation in which a female obtains copulation with two or
more males but receives additional parental assistance from only one male. This
is often the male on whose territory the female originally settled.
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Clutch and fledging data
Overlapping Broods – a situation in which a male and female pair attempt a second
nesting event while simultaneously supporting the first nesting attempt such that
the two attempts overlap at some point between courting and fledging of young
from the nest. It is not considered an overlapping brood event if the second
nesting attempt is due to failure of the first nesting attempt.
Hatching – classified as day zero (ND=0) or as day 1 (ND=1) by the author. If not
provided, I classify as NS.
Fledging – number of days between hatching and nestling leaving the nest for the first
time
A. Hatching day zero (ND=0): days to departure includes day of hatching
through day of departure. Example: days 0-16 indicates fledging at 17
days.
B. Hatching day one (ND=1): departure day includes day of hatching through
day of departure. Example: days 1-17 indicates fledging at 17 days.
C. Hatching day not specified (ND=NS): dates of hatching and departure
provided but nesting days not calculated by the author. If specific day of
hatching or specific day of departure isn’t known, departure is given as a
range. Example: hatching date April 22/23 and departure date May 10/11,
days to departure is = 18;19.
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